Background: Brain tumours (BT) are one of the most frequent tumour types in young people, although little is known about their risk factors. Objective: The objective of the current work was to review and summarize the scientific literature concerning exposure to environmental factors and BT risk in young people (< 25 years old). Methods: PUBMED, Embase, Cochrane Library, Scopus, IME-Biomedina (bibliographic database of Consejo Superior de Investigaciones Científicas) and Web of science databases were searched. A score to assess the quality of the methodological information was created. Results: Some possible associations between BT risk in young people were reported for cadmium, consumption of well water, presence of nitrate or nitratenitrogen in tap water, mother's passive smoking, air pollution, parental handling of pesticides at home and/or professional pesticide treatment within houses, living on a farm and/or with farm animals, some parental occupations and high amount of meat consumption. Conclusions: Although many of the studies reviewed suggest associations between the environmental exposures and BT in children and young adults, at present no reliable conclusion can be drawn as most results are based on small number of cases and exposure assessment is limited. Large-scale studies with better exposure assessment are needed to shed light on these possible associations, especially on exposure to heavy metals, tab water consumption, pesticides and parental smoking.
Introduction
Brain tumours (BT) are the second most common cancer type in children and young adults. Around 215,000 cancers in children (0-14 years old) are diagnosed in the world every year, and about 85,000 among adolescents and young adults (15) (16) (17) (18) (19) 
years old), according to esti-

Materials and Methods
Several searches were made by 1 reviewer (A.Z.-M.) in the following databases: PUBMED, Embase, Cochrane Library, Scopus, Google Scholar, Web of Science and IME (bibliographic database of Consejo Superior de Investigaciones Científicas). Additional articles were found searching the bibliographic references section of articles found (handpicking). Search terms were grouped using the Boolean operators "OR" and "AND." The advanced searches were population AND exposure AND outcome (detailed searches are at the online suppl. Material; for all online suppl. material, see www. karger.com/doi/10.1159/000500601). The keywords used for population were child* OR adolescen* OR young adult OR infan* OR pediatric OR paediatric. The keywords searched for exposure were heavy metal OR cadmium (Cd) OR lead OR tap water OR nitrate OR nitrite OR disinfection byproduct OR meat OR diet OR pesticide OR farm OR parental occupation* OR air pollution OR toxic* OR tobacco smoke OR smoking cigarette OR pregnancy OR cell phone OR mobile (because the literature on tumour risk from ionising radiation exposures is regularly reviewed by various national and international committees we did not include this exposure in our review). The keywords used regarding outcomes were brain cancer OR brain tumo* OR brain neoplasm OR meningioma OR glioma OR primitive neuroectodermal tumo* OR medulloblastoma OR primitive neuroectodermal tumour (PNET) OR central nervous system tumo*. The asterisk (*) is a wildcard used by the search engines to identify all occurrences that start with the indicated term and are followed by any other letter or letters. For Google scholar we did different searches using a combination of keywords because we could not do the complete search directly (online suppl. material). No restriction for publication year or language was applied. The first searches were performed in July 2016 with additional weekly searches in PUBMED until January 2019.
All articles found were entered into a database using Zotero reference manager (n = 3,037; Fig. 1 ). To select the articles related to our topics of interest, we first deleted duplicates (n = 418). Then, we excluded the reviews (n = 258), meta-analyses (n = 19) articles and pooled analysis (n = 1), although we checked them whether we had missed any articles. Two thousand three hundred and fortyone titles and abstracts were read to remove articles not meeting our inclusion criteria. We used the following inclusion criteria:
• Studies including young people (< 25 years old), • Studies assessing pre-or post-natal exposure to environmental risk factors, • Original articles about BT in general or for some specific BT types. Articles that included central nervous system tumours in general, and provided no results for BT, were excluded. With the removal of 2,230 articles, we read 111 whole papers. Forty-two articles were further excluded because they did not meet our inclusion criteria. One article was added in 2018 after periodical searches, leaving 70 articles for the final analysis. Co-au- thors independently assessed the studies for inclusion. Discrepancies were resolved by a final discussion of the research group. To classify the completeness of the methodological information reported in each article, we created a score (online suppl. Table 3) using the 9 main items of methods of the Strengthening the Reporting of Observational Studies in Epidemiology statement [14] . Each sub-item scored as "+" if it was included or "-" if not included. Additionally, the PRISMA checklist was completed (online suppl. Table 4 ). No review protocol has been published.
We subdivided the results section into 8 parts: heavy metals, tap water consumption, parental cigarette smoking, air pollution (mainly related to vehicle traffic), exposures related to farms (such as pesticide exposure and contact with animals), non-ionising radiation (such as mobile phones and power lines), parental occupation, and diet (especially meat consumption). Each article was analysed by exposure period: preconception, pregnancy or childhood. When feasible, we also analysed exposure of mother, father or postpartum of the child separately. We also stratified by specific type of pollutant, chemical, or specific occupation, or other exposure categories, as available.
For those exposures that were considered sufficiently homogenous across studies, that is, using similar exposure categories with exposure assessment by comparable methods, we performed DerSimonian-Laird random effect meta-analyses. The random effects model was chosen because the data sources, the age ranges and study designs varied. The I 2 statistic was applied to report heterogeneity from Cochran's Q test. I 2 reflects the proportion of total variance estimated to be attributable to between-study heterogeneity. Studies with I 2 values of < 25, 25-50, 50-75 and > 75% were defined as no, low, moderate and high heterogeneity, respectively. Forest plots of BT risk estimate for mother's smoking (online suppl. Fig. 1 ), mother's passive smoking (online suppl. Fig. 2 ), pesticides (online suppl. Fig. 3 ), living on a farm (online suppl. 
Results
From the 70 articles included in this review, 69% (n = 49) had > 200 cases recruited. Nevertheless, only 23% (n = 16) of the articles exceeded 500 cases. Most studies (50%) were conducted in the United States and Canada, the rest were from different countries all over the world, in particular Australia, and European countries. Table 1 provides descriptive information for each study included, classified by type of epidemiological design, with information on the number of participants, age range and geographic and/or ethnic origin of the population. Table 2 summarizes the main results of the articles grouped by risk factor, indicating the exposure assessment method, the exposure period and the number of cases and controls included in the analyses.
Heavy Metals
Only one case -control study [11] was available on the association between heavy metals and BT in young people. Based on only 4 BT cases, Sherief et al. [11] reported significantly higher levels of Cd in cases than controls (p < 0.001) in all biological samples tested: blood, urine, scalp hair and nails.
Tap Water Consumption
Three case -control studies of the association between water consumption and BT in children and young adults (< 20 years old) were found. The first found no increased risk of BT among children whose mothers reported drinking well water (a hole drilled into the earth) exclusively during their pregnancies. Analyses by region, however, showed an increased risk in the Seattle region (OR 2.6 [1.3-5.2]) and a decreased risk in Los Angeles County (OR 0.2 [0. 1-0.8] ). An inverse association with borderline statistical significance was found with the presence of > 10 mg/L of nitrate in the tap water, while an increased BT risk, based only on 13 cases and 3 controls exposed, was found for nitrite levels above 1 mg/L (OR 8.8 [2.1-46]) [15] .
A further study by the same group [10] , including some of the same regions as in Mueller et al. [15] and others from Europe and Canada, confirmed the findings in the US regions and found an increased risk in Canada. No association was found between BT and nitrates or nitrite concentrations overall though an increased OR was found for nitrite concentration > 5 mg/L after excluding bottled water users. Analysis by tumour type showed an increased risk for nitrite (with no indication of a dose -response) only for astroglial tumours.
The third case -control study [16] found an increased risk of malignant BTs, and central nervous system tumour was found for having lived in a municipality with exposures > 0.31 mg/L of nitrate-nitrogen (> 1.37 mg/L nitrate) in drinking water compared to lower exposures. The study examined the possible interaction with the presence of calcium and magnesium in the water with high levels of nitrate-nitrogen, assuming that the main source of calcium and magnesium exposure was local drinking water, but no significant association was found.
Parental Cigarette Smoking
Twenty-two case -control [7, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and 2 cohort studies [37, 38] were found examining the association between cigarette smoking. Among the 20 articles that explored maternal active smoking during preconception or pregnancy and BT risk, 2 case-control studies found no association with childhood BT. Ten case -control DOI: 10.1159/000500601 [38] . Additionally, 6 studies found non-statistically significant reduced risks. The overall meta-analytical estimate of the effect of mothers' active smoking is a relative risk of 1.09 (1.00-1.18), with little heterogeneity (I 2 = 16%; online suppl. Fig. 1 ).
Regarding mothers' passive smoking (including exposed to fathers' smoking) before conception or during pregnancy, 14 studies suggested an increased risk in their offspring, being statistically significant in 7. One article studied the association of the exposure in conjunction with paternal occupational exposure to polycyclic aromatic hydrocarbons with a significant increased risk of BT [7] . Two other studies found non-statistically significant reduced risks of BT [19, 20] . There was a significantly increased meta-analytical effect estimate of 1.32 (1.12-1.55) for mothers' passive smoking but with moderate heterogeneity (I 2 = 56%; online suppl. Fig.2 ).
When examining direct exposure of the child, 2 articles [21, 39] reported no association between early infancy or childhood passive smoking and BT (one based on a large sample size). Another study [22] found a significantly increased risk of BT for passive smoking exposure during childhood (OR 2.3 [1.1-4.6]; based on 41 cases).
Air Pollution
Two case -control studies were retrieved evaluating the link between air pollution and BT. In the first [12] , a significantly increased risk of specific types of BT was found in relation to some pollutants, including acetaldehyde, butadiene or polycyclic aromatic hydrocarbons measured in outdoor air of the residence of the child during pregnancy or the first year of life. The second [40] found an increased risk of ependymoma and PNET in offspring of mothers who resided at time of birth within 500 m of a major roadway and a significantly increased risk of ependymoma for offspring of mothers who resided in areas with high traffic density at time of birth [40] . In an ecological study [8] 
Pesticides Exposure and Living on a Farm
We found 11 articles studying the relationship between BT in young people and pesticide exposure, and 8 focusing more generally on living on a farm as a surrogate for the many exposures that may be encountered in such settings.
Seven studies [9, 19, [22] [23] [24] [25] 41] that assessed exposure to pesticides during pregnancy suggested an increased risk of BT, in particular astrocytoma and high-grade glioma, but not PNET (when subtypes were considered). The increases were statistically significant in 4 of the studies [9, 23, 24, 41] , and the highest OR was seen for exposure to pesticides when mothers were professionals (OR 4.5 [1.39-15.14] for high-grade gliomas, in a small group of 6 cases and 116 controls) [9] . The overall meta- analytical risk estimate for pesticides exposure during pregnancy was 1.73 (1.45-2.07), statistically significant, with no evidence of heterogeneity (I 2 = 0%; online suppl. Fig. 3) .
Results of exposure to pesticides during childhood or from prior to birth until BT diagnosis were mostly statistically not significant. Nevertheless, increases of risk were seen in 5 [9, 22, 26, 41, 42] out of 8 studies which assessed exposure during childhood [9, 22, 24-27, 41, 42] . These increases were seen in 2 studies of use of pesticides at home; 1 study of exposure to wood preservatives (53 cases and 746 controls) or home treated with pesticides once per year (8 cases and 96 controls) during childhood and risk of astrocytomas and 1 study of insecticides use by the father and risk of medulloblastomas or PNET (111 cases and 70 controls). A significantly increased meta-analytical effect estimate of 1.34 (1.15-1.56) was obtained for pesticide exposure during childhood. Heterogeneity was moderate (I 2 = 60%; online suppl. Figure 3) .
Another study that considered exposure starting 2 years before pregnancy until occurrence of BT in the offspring [43] found increased risks from use of herbicides at home and in combination with paternal occupational exposure for atrocytomas.
Eight studies analysed living on a farm and/or living with farm animals in different windows of exposure and BT risk. Five papers explored the association of childhood BT and mothers living and/or working on farms during pregnancy [19, 22, 23, 44, 45] . Increased risk was seen in 2 of them. A reduced risk was observed in 1 study (n = 352 cases) if mothers lived on a farm during pregnancy [46] . A non-statistically significant increased meta-analytical risk estimate was obtained for studies with mothers living/working on a farm during pregnancy (1.17 [0.69-1.98]). Heterogeneity was moderate (I 2 = 63%; online suppl. Fig. 4) .
Three articles explored mothers' contact with animals during pregnancy [22, 44, 45] and found increased risks of BT in their offspring assessing different exposures: cat scratches, contact with pigs or living on a farm with animals.
Seven articles [19, 22, 26, 39, [44] [45] [46] explored living on a farm during childhood as a risk factor for BT. Five of these articles suggested an increased risk, which was statistically significant in 3 (only one with large sample size) [19, 26, 44] . Two other articles found a non-statistically significant reduced risk, based on small sample sizes, for BT in relation to living or working on a farm during childhood. As for exposure to farm environment during pregnancy living on a farm during childhood resulted in a nonstatistical significant increased risk of 1.28 (0.98-1.68) with moderate heterogeneity of I 2 = 46% (online suppl. Fig. 4) .
Four articles explored contact with farm animals and BT during childhood. Two articles found non-significantly increased risks: one for contact with sick pets (small sample) [26] and the other for exposure to any farm animal [44] . The other 2 articles found reduced risk in relation to contact with horses (small sample) [39] , with birds (84 cases) or with goat and sheep (at least 3 years of exposure and 17 cases exposed) [46] .
Non-Ionizing Radiation
Three articles [19, 42, 47 ] studied the association between extremely low frequency (ELF) exposure during pregnancy and BT risk.
Regarding the exposure to electrically heated waterbeds during pregnancy, 2 articles found non-significantly reduced risks (1 for astrocytomas and the other for BT in general) based on small samples sizes [19, 47] . No significant association was found for PNET either [19] . Regarding exposure to ELF from electrical blankets during pregnancy, 3 articles found non-statistically significantly increased risk [19, 42, 47] .
Two studies focused on childhood ELF exposure [39, 47] and BT risk. One [39] found a non-significantly reduced risk for electric blanket and waterbed use based on very small numbers of cases (n = 6 and 1, respectively). In the other study, the ORs were close to one.
Two studies [48, 49] focused on radiofrequency (RF) exposures in childhood and BT were found. In the large multinational study [48] , a non-significantly increased risk was found, with no evidence for an exposure response relationship between mobile phones use (which emits some ELF but mainly RF) and risk of BT. Use of mobile phones was low in this population, with an average duration of use of 2.7 years and lifetime cumulative time of use of only 35 h. Another study [49] , which estimated average of exposure to RF from mobile phone base stations, found a non-statistically significant risk for exposure above the median, though the authors acknowledge several methodological limitations.
Three studies focused on the exposure to magnetic fields (MF) [50] [51] [52] from high-current power lines, electric heating sources or electric appliances at home during childhood. One [50] found a significantly increased risk for ≥0.4µT of MF in the children's bedroom (OR 10.9 [1.05-113] based on 3 cases and 1 control). Two [51, 52] studies found a non-statistically significant increased risk for exposure at home to high MF compared to low ones.
Parental Occupation
Fourteen case -control and 2 cohort studies were found studying the association between parental occupational exposures and BT risk. Seven articles examined job exposures before child's birth [53] [54] [55] [56] [57] [58] [59] [60] [61] . All of them found increased risks of BT in the offspring for some occupations or occupational exposures reported by parents (factory worker, machine repair, painter, among others), although some non-statistically reduced risks were found for some paternal job exposures, including unspecified chemicals, hydrocarbons, electromagnetic fields, or metals among others and for mothers whose jobs were related to medicine and science in general, activities related to aerospace, agriculture and farming. Only 1 study with a small sample found an inverse association for astrocytomas and paternal job in transportation industry (OR 0.1 [0.0-0.6]) [57] .
Seven articles explored a wider time window of exposures [53, 54, 58-60, 62, 63] . Three of them found associations with some parental exposures during the 5 years before child's birth. Another [62] , with a small sample size, found a suggestion of an increased risk in children younger than 9 years old, and a non-significantly reduced risk in children between 10 and 15 years old, for paternal employment in the aerospace industry at least 1 year prior to birth until time of child's diagnosis. Another [63] , found a statistically significant increased risk of astrocytoma in children whose mothers used insecticides in their jobs (53 cases and 35 controls).
Two other studies [59, 60] found a suggestion for an increased risk from mothers exposed to diesel or chlorinated solvents at any time before child's birth; statistically significant only in one of them (17 cases and 29 controls).
When considering exposure during the postnatal period, 4 articles [57, [64] [65] [66] found increased risk of BT, statistically significant in 3 (father exposed to electrical repairing, ionizing radiation, agriculture, etc.). Additionally, 2 of the studies found a suggestion for a reduced risk for astrocytomas with occupational exposures to metals or paints.
One of the 2 cohort studies that assessed parental occupation during childhood [67] found an increased risk for parental pesticide exposure. The other cohort study DOI: 10.1159/000500601 [68] found a non-significantly increased risk for paternal job exposure to benzene and a non-significantly reduced risk for maternal occupational exposure to benzene for astrocytomas. Exposures in this category were too heterogeneous to allow a formal meta-analysis.
Diet
Thirteen articles explored mother's diet during pregnancy and risk of BT in their offspring [22, 23, 25, [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] . Nine articles found an increased risk in relation to consumption of meat, which was statistically significant in 5 studies [23, 25, [69] [70] [71] . One of these studies [71] found an inverse association with BT and meat consumption during pregnancy if mothers also consumed multivitamin pills during all trimesters of pregnancy. Another article found a non-significantly reduced risk of BT related to meat consumption during pregnancy [22] . Other articles found reduced risk of BT in relation to consumption of iron supplements during pregnancy [72] , consumption of vegetables [69, 73] , grains or fresh fish [69] and non-fresh peaches or similar fruits [74] . The meta-analytical risk estimate for meat consumption during pregnancy was statistically significant and amounted to 1.51 (1.32-1.73) though with some heterogeneity (I 2 = 44%; online suppl. Fig. 5 ).
Increased risks of BT were found for consumption of French fries [74] , bacon [73] , non-cured meat or fresh fish [69] or hot-dogs [75] .
Two articles found a non-significantly increased risk related to consumption of high levels of nitrate during childhood (calculated from reported food consumption) [76] or hot-dogs consumption one or more times per week [75] . The meta-analysis for these articles related to exposure during childhood was non-statistically significant with a meta-OR of 1.27 (0.89-1.82) with no evidence of heterogeneity (I 2 = 0%; online suppl. Fig. 5 ).
Another publication, not included in the tables, found an increased risk with increasing cured meat consumption during pregnancy in children without glutathione S-transferases theta 1 (OR 1.29 [1.07-1.57] for high cured meat intake per week) or reduced glutathione S-transferases mu 3 (OR 1.14 [1.03-1.26]). No increased risk was found for those with glutathione Stransferases theta 1 or normal glutathione S-transferases mu 3 levels [79] .
Completeness of Methodological Information Reported
When analysing the methodological information reporting completeness for the articles included in this review (online suppl. Table 3) , we observed that a 97% of the articles included most of the 9 points that an article should include in the methodology section. The lowest score, due to missing information, was specifically concerning to participants' ethnicity, the recruitment period of the participants, number of controls matched per case, sample size and how missing data were managed. Sensitivity analyses were performed in few of the studies.
Discussion/Conclusion
Apart from ionising radiation and genetic syndromes, there are no established risk factors for BT in young people so far. Overall, there seems to exist some support in the literature for an association between BT and some specific environmental exposures. The early occurrence of BT suggests an important inherited component and that cancer initiating events might occur before conception, during foetal life or in early infancy [9] , so the routes of exposure are diverse.
When considering exposures that can be associated with BT, it is particularly important to consider biological plausibility as the BBB protects the brain from toxicants. However, some toxicants have the capability of crossing the placenta and BBB, and some of them, like some heavy metals, have known neurotoxic effects [80] . Furthermore, radiation (both ionising and non-ionising) can deposit energy in the brain.
Parents can be exposed at work and/or in their daily lives (through diet, water consumption, air pollution, etc.) to DNA-modifying agents that could affect the germ line. Also, some toxicants can accumulate in the body (e.g., some metals that have the ability to bioaccumulate in bones or pesticides in fatty tissue), and children may be exposed during mother's pregnancy [13] or after birth through breastfeeding. Also, during the first 5 years of life of the child, hand-to-mouth activities can be another source of exposure.
There are suggestions that exposure to certain metals can occur through: dental amalgams [81, 82] , childhood vaccines that previously used the ethyl mercury compound thiomersal as a preservative [81] , environmental tobacco smoke (exposing especially to Cd), air pollution [81] or from young children eating paint chips in houses with old lead containing paints [83] . In our review, we found one article that suggested that cases with BT have higher concentrations of Cd in their biological samples than the control group [11] , but no article assessing other metals, such as mercury, though children can be exposed to methyl mercury through diet (fish). A follow-up study found higher levels of Cd and lead (Pb; hair and toenails samples) in parents and BT cases compared to parents and children of the control group (low levels of metals) [84] , and this was especially the case in children < 5 years of age. Since we found only 1 article dealing with heavy metals and BT risk, there is insufficient evidence to support an association with BT.
Other toxicants related to cancer are disinfection byproducts, resulting from the treatment of drinking water from raw water containing organic matter. Trihalomethanes are the most studied disinfection by-products. We could not find any study about the relationship between BT risk and Trihalomethanes in young people, only few articles that suggest a possible association in adults [85] . Other water compound possibly related to cancer is nitrate, present in the water due to agricultural activity or wastewater treatment. Nitrate can be reduced to nitrite [86] compounds that are classified as probable human carcinogens. The articles found in this systematic review suggested an increased risk of BT in participants who consumed tap water with the presence of nitrite or nitrate. Nevertheless [10] , an inverse association was found in Los Angeles region; the interpretation of this result is unclear, and is possibly due to low numbers of exposed: well water consumption was only reported by 20 participants of a total of 619. The limit of detection of nitrite and nitrate levels is different between studies, preventing comparison and interpretation of the results.
Another source of exposure to nitrite and nitrate, besides drinking water, can be diet. Nitrate is a common preservative for meat. The majority of the articles about diet suggested an increased risk with higher meat consumption and a suggestion of reduced risk related to consumption of fruits [74] , vegetables, grains and fish for astroglial tumours [69] , or iron supplements and astrocytoma [72] .
Tobacco smoke (classified as group 1 "carcinogenic to humans" by the International Agency for Research on Cancer) [87] contains many toxic compounds known to be related to cancer risk. Some articles suggested a relationship between smoking tobacco and alterations in the germ cells [88] , childhood BT or with leukaemia-lymphoma [89] . Some tobacco smoke compounds can cross the BBB and placenta barrier [28] . These theoretical considerations can be supported by the results of 2 case-control and 1 cohort study finding significantly increased risk of BT in offspring whose mothers smoked, 7 studies for mother's exposure to passive smoking and one for exposure during the postnatal period. This associations evidence the possible genotoxic effects to the foetus and newborns.
Living in urban areas with high traffic density implies being exposed to different chemicals from vehicle exhausts. In this review, only 3 articles were found studying this association; specifically, 2 of them assessed exposure to 1,3-butadiene [8, 12] , with increased risks, though focusing on exposure during different periods of child development.
Some pesticides have been banned due to their negative health implications. Nevertheless, some of them are very persistent and stay in the environment (especially soil and water) for many years. The use of pesticides continues to be quite common, specifically in agriculture, to sustain the current productivity. Other pesticides used by professional applicators are currently used for the treatment and maintenance of homes made of wood, or to exterminate common pests such as termites or rats. Some of the articles reviewed suggested an increased risk of childhood BT related to exposure during childhood as well as during the pregnancy period, especially for parental handling of pesticides and for professional exterminations at home or garden. Children can be exposed substantially since the home is the place where children generally spend most of their time.
We also evaluated exposures that can occur when living on a farm. Living on farms or with farm animals can imply exposure to a wide range of chemicals and other agents, including viruses and bacteria, that might explain the different results obtained in these studies. The articles suggested increased risk when mothers lived on a farm during pregnancy and also for exposures to some specific animals (such as pigs). An increased risk was also found related to children who lived on a farm during their early childhood.
The increasing use of new technologies and electrical devices has a high appeal among young people, and children are exposed at young ages. It is likely that, over their lifetime, children will accumulate more exposure to nonionising radiation than those who started using these technologies later in life. On the other hand, young people use, in general, more frequently messaging than calls to communicate, with a lower exposure to MF and RF received by the brain. In our systematic review, we found 6 articles that assessed exposure to non-ionizing radiation, and none of them found a significant association with BT, though most of them were based on small numbers and crude exposure estimates.
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Another source of exposure of the child or the foetus can be parental occupational exposures. Children are indirectly exposed during pregnancy from exposures of mothers in their jobs or during the postnatal period, through particles of paint, radionuclides or other products the parents may bring home on their clothes. We found some publications that suggested an increased risk related to some specific parental jobs. However, due to the fact that studies did not explore the same occupations or the same exposure period, a comparison is difficult and the evidence is not clear. This is, to our knowledge, the first systematic review that includes all studies relating BT in young people to environmental risk factors up to June 2018. Since BT aetiology is largely unknown, it is important to have a better knowledge on possible risk factors.
This review has some limitations. The majority of the studies included were case -control studies with exposure assessment mostly based on personal interviews (with the possibility of differential recall bias between cases and controls) without measurements and, in most instances, no information provided about the analysis of possible exposure -response relationships. Some studies explored a great number of risk factors with an elevated risk of chance findings. In general, results are difficult to compare because of small sample sizes, different risk factors studied with different exposure indicators and different periods of exposure, and in some instances different outcomes (specific types of BTs). This might affect the strength of the evidence for establishing possible associations. A meta-analysis was therefore only possible for a limited number of exposures that were fairly consistent across studies. Another limitation is that some potentially eligible articles could have been missed due to shortcomings in search terms and phrases and as well the different strategies used for the databases.
Overall, the studies reviewed suggest that exposure to heavy metals, passive smoking, water and air pollutants, use of pesticides and living on a farm with farm animals, meat consumption, during preconception, pregnancy or early infancy may increase the risk of BT in children and young adults. However, inconsistencies of results, the small numbers of exposed cases in many studies, often crude exposure assessment and lack of detailed exposure response analyses, no clear conclusion can be drawn at present. Larger scale studies with better exposure assessment are needed to evaluate possible associations between environmental risk factors and BT in young people, especially on exposure to heavy metals, tap water consumption, pesticides and parental smoking. Furthermore, exposure to RF electromagnetic fields and MF should receive more attention.
